Climate variability and change pose greater challenge not only to human life but to the environment at large. This study sought to evaluate the significance of institutional factors in climate variability adaptation of smallholder Irish potato farmers in Rubanda District, South Western Uganda with the objective of assessing the adaptation measures adopted by smallholder Irish potato farmers, determining the institutional factors that influence adoption of climate variability adaptation measures; and evaluating the institutional challenges that affect the adapting Irish potato farmers. A cross-sectional survey was undertaken to collect data from 197 systematically sampled smallholder farmers from two purposively selected sub counties (Muko and Bubaare) in Rubanda District, using structured questionnaires; whilst key informant interviews were used to elicit data from purposively selected personnel from the local government as well as private and civil society organizations. Multiple linear regression was used to determine the relative influence of selected variables on adaptation measures against climate variability. Results indicate that smallholder Irish potato farmers are adapting to climate variability through agronomic measures such as terracing, mulching, contour ploughing, changing planting dates, early planting, crop-rotation, and technology related measures such as rain water harvesting technologies, adaptive varieties and fertilizers among others. Results from multiple linear regression analysis show that several institutional factors are influencing adoption of climate variability adaptive measures with the most significant ones being access to agricultural extension services, cultivated area and size of land owned. Despite the interventions undertaken, adaptation to climate variability is constrained by the limited access to financial/credit resources and in-
Introduction
Climate variability poses a threat to the agricultural sector and food security which indirectly hampers the attainment of Sustainable Development Goals [1] [2] [3] . Climate variability induced events such as floods, droughts, unreliable rainfall and heat waves have increased and are having severe impacts on both natural and human systems across the globe [4] [5] [6] . The need for adaptation is therefore higher because these events are expected to be adverse especially for developing countries such as those in Africa due to their inherent poor infrastructure and heavy reliance on climate sensitive economic sectors such as rain-fed agriculture [4] [7] [8] [9] .
Agriculture, the main economic activity in most developing countries, represents one of the most fragile economic sectors to climate variability [1] . In Uganda, for example, agriculture provides employment to 73% of the total population and is a major livelihood of about 90% of the rural households [5] [10]. In addition, it contributes 23.5% to GDP [11] . Despite the sector's contribution to the economy of Uganda, most of the agriculture is rain-fed hence making it sensitive to climate induced events such as droughts and floods [6] [12].
Several studies on climate variability and change [4] [8] [13] [14] [15] suggest that temperatures in Uganda will increase by 1.5˚C in the next 20 years and up to 4.3˚C by 2080; whilst rainfall is expected to increase in some areas and decrease in other areas with a national average ranging from −7% to 14% relative to the 1970-1999 average by 2030 [16] . These changes will be significant for agriculture and food security [3] [8] . The south western highlands have not been spared by this phenomenon as studies report that the area is experiencing changes in precipitation and temperature [12] [17] . For instance, smallholder farmers are already experiencing the negative effects of climate variability such as decline in crop yields, declining soil fertility because of accelerated soil erosion and proliferation of pests and diseases [5] [18] [19] .
Uganda is one of the major producers of Irish potato which is mainly grown for the growth of tubers [13] [20] [21] . Irish potatoes are both a staple food and a major source of income for most of the households in the Kigezi Highlands [20] [22].
Due to the susceptibility of Irish potato to climate variability and its immense contribution to the economy of south western Uganda, it becomes apparent to minimize these impacts, through adaptation [4] [23] .
Some studies such as [7] [24] [25] [26] reported that adaptation to climate variability at local level is influenced by several factors including access to financial and information resources, managerial ability, networks of social and institutional arrangement among. Other studies such as [27] have focussed on policy implementation constraints and gaps without considering that how adaptation pathways are determined by institutional related factors.
In order to bridge this knowledge gap, we set out to evaluate the significance of institutional factors on adaptation by smallholder Irish potato farmers to climate variability in Rubanda District since it is the highest producer of Irish potato in Kigezi highlands. Specifically, three objectives informed the study viz; 1)
To assess the adaptation measures adopted by smallholder Irish potato farmers;
2) To determine the institutional factors that influence adoption of climate variability adaptation measures; and 3) To evaluate the institutional challenges that affect the adapting Irish potato farmers.
Materials and Methods

Location of the Study Area
The study was conducted in Muko and Bubaare sub-counties in Rubanda District located in the South West of the Republic of Uganda (Figure 1 ). Rubanda
District is comprised of seven (7) sub-counties and two town councils, namely Bubaare, Bufundi, Hamurwa, Ikumba, Ruhija, Nyamweru and Muko; Rubanda and Humurwa Town Council. It lies at an approximate altitude ranging between 1219 m -2347 m above sea level [28] . The population of the District was 196,896
people based on the 2014 Population Census [10] .
Rubanda has a montane climate with a bimodal rainfall pattern with the first rain season from March to May and the second rainfall season from September to November with two dry periods of June to August and December to February.
It has a mean annual rainfall of 1480 mm and a mean annual mean temperature of 17.2˚C [28] .
The soils are generally volcanic although some parts are comprised of ferralisols and andosols [18] .
Sampling Procedure and Data Collection
Rubanda District was purposively selected because it is the highest producer of Irish potato in Kigezi region. Two sub counties (Muko and Bubaare) were purposively selected because of their unique characteristics, in that, they are located at relatively different altitudes, are highly populated and are home to several agricultural research institutes. A multistage sampling procedure was employed to select the respondents. Two parishes were randomly selected from each subcounty. After selecting the parishes, 4 villages were randomly selected from each parish making a total of 8 villages (see Table 1 ). A total of six (6) 
where n = sample size, N = total number of households involved in subsistence farming, e = margin of error.
By using the equation above with a confidence level of 90% and marginal error of 10%, a computation from a population of 9285 and 6486 subsistence farm households (UBOS, 2014) for Muko and Bubaare yielded 99 and 98 farmers as sample size respectively. The margin of error was raised to 10% to downscale the (Figure 1 ). The questionnaire was pretested in Bubaare sub-county before administering it in the field.
Data Analysis
The collected data was verified, coded and entered into a Statistical Package for Social Scientists software (SPSS version 23). Descriptive statistics such as frequencies, mode and percentages were generated to determine the socio-economic and demographic characteristics of the respondents, adaptation measures employed by farmers and institutional challenges to adaptation. Whilst a Multiple linear regression was run to determine the institutional factors that influence adoption of adaptation measures.
The linear regression model was specified as follows
where, Y i = number of adaptation measures adopted by farmer i, β 0 -intercept, β 1 − β 5 = coefficients to be estimated, X 1 -access to information measured by a proxy indicator, distance to the nearest extension service provider, X-access to credit, X 3 -group membership, X 4 -cultivated area for Irish potato, X 5 -size of land owned and e-error terms.
Narratives from Key Informants were also used to emphasise the voices of the respondents.
Results and Discussion
Socio-Economic and Demographic Characteristics of the Respondents
This section presents key characteristics of the respondents that were involved in the study.
Over half of the respondents (58.9%) were males while females constituted 41.1%. Majority of the households (79.7%) were male-headed, aged between 47 -62 (32.3%). Furthermore, most of the respondents were primary levers (67%), while 20.3% had attained secondary education, 2.5% had attained university education and 10.2% had not attained any level of education, majority of whom were females.
In terms of access to credit, results in Table 2 indicate that 56.48% did not have access to credit facilities while 43.52% reported that they had access to credit facilities. The number of those who borrowed money from the bank was minimal (16.2%). Over ninety percent (90.2%) of the respondents belonged to a group, of whom only 20% had ever accessed extension services about climate change adaptation.
Adaptation Measures Adopted by Smallholder Potato Farmers
Adaptation measures were categorized as technological, agronomical or any other form that is not captured in the two categories. The findings in terms of the categories are presented in Table 3 .
Technological Measures
The most common adaptation measures adopted by smallholder farmers in- and increasing nutrient availability in the soil which increases crop productivity and resistance to pests and diseases [29] .
Planting fast maturing and drought resistant varieties is suitable in areas with land shortage such as Rubanda where the study was conducted. This is consistent with the findings by [17] who reported the use of improved varieties as the main adaptation measure among the agricultural households in Ghana and South Western Uganda respectively.
Finally, [30] observed that farmers in Bufundi catchment in Rubanda District were responding to climate variability through rain water harvesting. Moreover [31] highlights it as the most common measure in Uganda and among those that should be promoted due to their associated positive impacts. 
Agronomic Measures
The most popular agronomic adaptive measures included early planting, mulching, terracing, contour ploughing, fallowing, shifting cultivation, timely weeding, use of compost manure, intercropping and crop rotation. The use of soil and water conservation measures such as terracing and contour ploughing is significant in improving the water holding capacity of the soil and offsetting runoff [17] . The findings also confirm the observations made by other studies that contour ploughing and terracing are among the adaptation measures within the agricultural communities [31] [32]. The findings are also consistent with the study by [33] that observed timely planting as the most common measure adopted by Irish Potato farmers in Nyandarua County in Kenya.
Meanwhile, a small number of respondents adopted shifting cultivation and fallowing. The low adoption of shifting cultivation and fallowing can be explained by the land shortage in the area as a result of increasing population [28] .
Moreover, [31] categorizes shifting cultivation among measures that are not sustainable, given the needs and pressure of limited land.
Mulching has been envisaged as a simple climate variability adaptation measure that improves soil fertility, infiltration capacity of the soil, reduces evaporation and erosion [34] . This practice was not common among the Irish potato farmers. The findings in the study are consistent with the observations made by Lastly, migration was the least adopted measure possibly because of its negative environmental impacts such as migration into wetlands, overcrowding and psychological disorders. Migrating to urban areas causes social and economic scrambles which can result to family disintegration and instability [30] . Where a majority of the able bodied migrate, it strips off the farm family left behind of labor required for production hence leaving them more vulnerable to famine per se.
Institutional Determinants Influencing the Adoption of Adaptation Measures
Generally, the institutional factors considered to influence the adoption of adaptive measures include social networks (group membership), size of land, access to information through extension, access to credit and land size. A multiple linear regression was run to establish the most significant factors influencing farmers' adaptation. A combination of independent variables significantly predicted the number of adaptation measures adopted, F (5,143) = 9.805, P < 0.001, with three variables significantly contributing to the prediction. The beta weights, presented in Table 4 , suggest that area of land cultivated for Irish potatoes contributes most to predicting the adaptation measures adopted, and that having access to information and the size of land owned also contribute to this prediction. The details are presented in Table 4 .
Social Networks
Membership support groups influences the adoption of adaptive measures.
Those who belonged to a social group adopted more measures compared to those with no membership. The social groups found included: self-help groups, welfare groups, cooperative societies, farmer groups and a climate change group. Note: Adjusted R 2 = 0.255, F (5, 143) = 9.805, P < 0.001; ***, **significant at P < 0.001 and P < 0.01 respectively.
The most dominant group types were self-help groups (62.7%), followed by welfare groups with 27.1% of the respondents; whereas farmers groups, climate change groups and cooperative societies had 9%, 0.6% and 0.6% respectively.
Social networks, especially self-help groups and welfare groups were dominant in the area because the friends in need system are a form of informal micro insurance strategy for the low-income households and a tool for reducing vulnerability of the poor to risks. The social groups act as sources of credit, information on farming and support during hard times. Studies such as [7] [36] [37] have reported that social groups serve as informal insurance schemes, sensitization hubs and establishment of adaptation measures and help to improve resilience to climate variability.
Access to Information
There was a significant negative association between the number of adaptations measures adopted by smallholder farmers and access to information (measured by distance to the nearest extension service provider as a proxy indicator). The results suggest that an increase in the distance to extension service provider would decrease the number of measures adopted by 0.112. The significance of the variable points to the relevance of access to information about climate variability adaptation. For example, [38] found that farmers who were aware of climate change were more likely to migrate to areas less prone to drought in north-east Ghana. Access to information through extension is presumed to enhance farmers' knowledge hence promoting adaptation. For example, [39] noted that extension facilitates the acquisition of knowledge and thus, enhances the adoption of improved technology. Similar observations are shared by a number of studies in African countries such as Kenya, Tanzania and Ghana [38] [40]
[41] which reported a strong relationship between access to information and adaptation behavior of farming households.
Access to Credit
A one standard deviation positive change in access to credit holding all other predictor variables constant, will increase adoption of adaptation measures by 0.617 standard deviations. This makes sense since access to credit eases financial constraints for funding adaptation processes including purchasing improved seeds among others. This is in line with other studies that reported that access to credit influenced and increased the likelihood of adoption of adaptation meas-
Cultivated Area
There was a significant positive association between the number of adaptation measures adopted by smallholder farmers and the size of cultivated land for Irish potatoes (P < 0.001). A unit increase in the cultivated area under Irish potatoes, would increase adoption of adaptation measures by 1.628 standard deviations. It can be inferred that farmers with more cultivated land have more capital and resources required for adaptation. For example, [42] revealed that increase in
cultivated area increases the probability of adopting adaptation measures such as improved varieties and irrigation which requires large investment costs.
Size of Land Owned
The size of land owned by a farmer is negatively and significantly related to the number of adaptation measures adopted (P < 0.01). For a one standard deviation negative change in the size of land owned, the results reveal a decrease in adop- ported by [43] in Ethiopia who found a negative relationship between land size and adoption of adaptation measures. They therefore argued that plot level characteristics determined the level of adaptation than size of land owned by a farmer. A study done by [33] in Kenya reported similar findings. Kachwekano ZARDI supports farmers through multiplication of improved potato cultivars, farmer trainings and group formation. Additionally, IFDC trains farmers on fertility management by use of fertilizers and it has also piloted small-scale irrigation schemes (drip irrigation) in some parts of the District. The support rendered by these agencies has helped improve the adaptation levels in the study area.
Support from the NGOs and International Organizations towards Adaptation to Climate Variability
Institutional Challenges to Climate Variability Adaptation
This section presents a summary of findings on the institutional challenges impeding adaptation to climate variability among smallholder farmers. These factors make it harder for smallholder farmers to execute climate variability adaptation measures (Table 5) .
Inadequate Funding
Results indicate that the most resounding institutional challenge is inadequate funding and budgetary allocation (72.3%). The technical staff at the District also reiterated inadequate funding for climate variability related adaptation activities.
Notably, in the financial year 2016/2017, the Natural Resource and Production and Marketing departments that are directly mandated to handle natural resource management and agriculture issues, were allocated 0.02% and 0.37% of the Total budget [44] . This is in tandem with [16] who reported that inadequate funding and budgetary allocation to the concerned departments was a big challenge to climate variability and change adaptation in Uganda which clearly agrees with the study findings.
Inadequate Technical Capacity
In terms of personnel, there is inadequacy of qualified human resource especially [45] . Table 6 reflects the discrepancies in staffing levels at Kabale District whose staff still ran Rubanda District as well at the time of data collection. This impedes adaptation process since farmers do not get timely and viable information to counter climate variability associated impacts. A study conducted in Rakai District observed limited technical capacity as the major institutional challenges to adaptation [27] . Another related study [23] reported similar findings.
Inadequate Access to Scientific and Technical Information
Relatedly, inadequate access to information through extension services is reportedly hampering adaptation initiatives. A small percentage (20%) of the respondents reported to have received extension services about climate variability adaptation. Majority (80%) did not have access to extension services ( Table 2 ).
The result also reveals that although smallholder farmers (57.1%) air their views to extension providers, the implementation bit is lacking as 65.2% reported that their views are never considered. The findings resonate with [27] who found inadequate access to extension services as a limiting factor for adaptation in Rakai district in Uganda. 
Lack of Plans and Policy Guidelines
This was reported to be among the constraints to adaptation to climate variability in the study area. Discussions with key informants revealed that there are no clear policies, ordinances and plans to guide adaptation.
"There are genetically modified potato varieties that are in place but they cannot be officially released because of lack an enabling biotechnology law,"
Principal Technician, Kachwekano ZARDI. Additionally, technical staff at the District also cited that implementation of the existing laws faces frustration from the political wing. The findings agree with the findings by [27] who reported political interference, lack of by-laws and absence of action plans to be among the key institutional challenges to adaptation in Uganda.
Limited Access to Credit Facilities
Institutional support through credit facilities is inadequate. Results in Table 2 indicate that over half (56.48%) of the respondents did not have access to credit facilities. The number of those who borrowed money from the banks were minimal (16.2%). This could be explained by the fact that only 15.7% of the respondents owned a bank account. Majority of the respondents' source of credit was from the saving groups (35.9%) and relatives (26.5%) indicating limited access to formal credit institutions due to lack of collateral. The lack of access to credit facilities was also reported as a challenge to small-scale farmers' adaptation in Zimbabwe [25] .
Conclusions and Policy Implications
Adaptation literature highlights developing countries to be highly predisposed to climate variability associated events due to their reliance on rain-fed agriculture.
Agriculture is the major source of livelihood in most parts of Africa including Uganda; and if jeopardised puts rural farmers at a risk hence making adaptation not only necessary but inevitable. Different adaptation measures have been employed by smallholder farmers in response to climate variability. We infer that the adoption of these adaptation measures has the potential to increase adaptive capacity of the smallholder Irish potato farmers and reduce sensitivity to climate variability stressors.
The paper has showed that access to information via extension services, access to credit, social networks, size of land and cultivated area determine farmer's ability to adapt to climate variability. The study finds access to information as a crucial determinant of the adoption of adaptation measures. This calls for policies aiming at promoting adaptation to climate variability to emphasise the role of extension services to the farmers. These services should include training programmes on cultivation techniques, pests and disease management and adoption of irrigation farming.
The results also highlight the role played by social capital in fostering adaptation to climate variability. Policy interventions geared towards enhancing informal social networks can promote the development and adoption of adaptation measures since they increase information flow.
Despite the adaptive measures taken to counter climate variability, farmers are confronted by several challenges that are slowing their adaptation process. These include institutional issues like inadequate funding and financing of climate adaptation activities, inadequate human resource, limited access to information on climate variability, poor implementation of environmental policies and limited access to credit facilities as a result of lack of collateral impede adaptation efforts by smallholder farmers.
We thus conclude that to thwart these challenges, there is need to develop clear channels of communication to facilitate smallholder farmers' access to climate information as well as equipping the District with adequate technical staff in the field of climate science while increasing funding and budget allocation towards climate variability adaptation.
